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(54) SYSTEM FOR CONTROLLING THE FIRING OF 
NON-GUIDED PROJECTILES 



(71) We, THOMSON - BRANDT 
(formerly Compagnic Francaise Thomson 
Houston-Hotchkiss Brandt), a French Body 
Corporate, of 173, Boulevard Haussmann, 

5 75 — Paris (8e) France, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the following 

10 statement: — 

Our present invention relates to a system 
for controlling the firing of nonguide pro- 
jectiles upon a target to be attacked, e.g. an 
approaching missile. 

15 In British Patent No. 1,164,107, published 
17 September 1969, there has been disclosed 
a system of this general type wherein pro- 
jectiles are launched from a cluster of tubes 
whose axes diverge from one another at small 

20 angles so that the resulting salvo covers a 
predetermined region of uncertainty sur- 
rounding the presumed location of the target 
as established by a tracking radar. Generally, 
this region of uncertainty may be regarded 

25 as circular, Le. as a great circle of a spherical 
volume of uncertainty surrounding the pre- 
sumed location. In some instances, however, 
the region (volume or area) of uncertainty 
may have a different configuration, as in the 

30 case of a target flying low above the ocean so 
that the radar image is affected by ground 
clutter elongating that region in a vertical 
direction. 

The general object of our present invention 
35 is to provide an improved firing-control 
system of this character which can be more 
readily adapted to regions of uncertainty of 
different sizes and/or configurations, thereby 
increasing the efficiency of the weapon des- 
40 cribed in the above-identified British Patent. 
A related object is to provide a system of 
this type wherein only a selected number of 
the available launching tubes need to be 
actuated in many instances to fire a salvo at 
45 a target within range. 

Another important object, allied with the 
preceding one, is to provide a firing system 
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in which the effect of recoil upon the orienta- 
tion of the array is balanced during each shot, 
regardless of the number and angular posi- 50 
tion of the tubes selected for firing the 
salvo. 

According to the invention there is pro- 
vided a firing control system for non-guided 
projectiles comprising an array of tubular 55 
projectile launchers clustered about a main 
axis and having their muzzles diverging from 
one another and from said axis in at least 
one direction of azimuth or elevation, said 
array being divided into a plurality of groups 60 
of launchers, tracking means for ascertaining 
the general location of a target to be attacked, 
computing means responsive to said tracking 
means for precalculating a presumed target 
position, driving means controlled by said 65 
computing means and operatively coupled 
with said array for maintaining said axis 
trained upon said presumed target position, 
and triggering means operable by said com- 
puter means for actuating selected groups of 70 
launchers in said array so as to cover a 
predetermined region of uncertainty centered 
on said pressumed target position, with the 
simultaneous or successive firing within a 
predetermined firing period of combinations 75 
of launchers within said groups which have 
their muzzles symmetrically distributed about 
said main axis for a balanced recoil effect and 
actuation of the remaining groups of 
launchers within successive firing periods. 80 

The smallest number of launchers in a 
group capable of providing such a balanced 
recoil effect is a pair of launchers having 
muzzles in diametrically opposite positions 
with reference to the main axis; in the 85 
simplest mode of realisation of this aspect of 
the invention, therefore, the tubular launchers 
are arranged in such pairs. 

According to another aspect of the inven- 
tion there is provided a firing control system 90 
for nonguided projectiles, comprising an 
array of tubular projectile launchers clustered 
about a main axis, tracking means for 
asceraining the general location of a target 
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to be attacked, computing means responsive 
to said tracking means for precalculating a 
presumed target position, driving means con- 
trolled by said computing means and 

5 operatively coupled with said array for main- 
taining said axis trained upon said presumed 
target position, said array being divided into 
a plurality of groups of launchers, the 
launchers of each group having muzzles 

10 diverging in a first dimension and trained 
upon different parts of an assigned segment 
of a predetermined region of uncertainty 
centered on said presumed target position, 
and trigger means operable by said comput- 

15 ing means for actuating the launchers of a 
selected group within a predetermined firing 
period, and further driving means for rotating 
said array in a second dimension enabling 
each group to sweep its assigned segment of 

20 said region of uncertainty within said firing 
period 

According to another feature of an embodi- 
ment of our invention, the array of launch- 
ing tubes may undergo a rotary motion in 
25 another dimension at a rate of rotation enabl- 
ing each group to sweep the assigned segment 
within the predetermined firing period. 

The selection of one or more groups for 
the firing of each salvo, and the possible 
30 changeover from one grouping to another 
in successive salvos, is carried out by the 
computing means in response to such para- 
meters as the nature and shape of target, its 
trajectory relative to the firing point and 
35 the presence or absence of reflecting objects 
which may effect the region of uncertainty. 
With the projectiles fired from the launchers 
cf each group having zones of affectiveness 
which overlap throughout the assigned seg- 
40 ment within a predetermined distance, a 
range finder in the computer establishes the 
firing period as soon as a target comes within 
that distance. 

The invention will be described in greater 
45 detail hereinafter with reference to the accom- 
panying drawings in which: — 

Fig. 1 is an overall block diagram of a re- 
presentative embodiment; 

Fig. 2 is a perspective view of a gun f orm- 
50 ing part of the system of Fig. 1; 

Fig. 3 is a plot of the theoretical points 
of impact of nonguided projectiles fired in 
a salvo from the gun of Fig. 2; 

Fig. 4 shows, diagrammatically, the group- 
55 ing of an array of launching tubes in the 
gun of Fig. 2 to cover the area represented 
by the plot of Fig. 3; 

Fig. 5, 6 and 7 are plots showing different 
segments of that area assigned to various 
60 groups in the array of Fig. 4; 

Fig. 8 is a more detailed block diagram of 
the final stage of the system of Fig. 1; 

Fig. 9 is a time diagram showing the firing 
order of a group of launchers in that system; 



Fig. 10 is a modified plot similar to Fig. 65 

3; 

Fig. 11 is a schematic representation of a 
cluster of launching tubes in a somewhat 
different grouping; 

Fig. 12 is a table relating to the firing 70 
order of several groups in the array of Fig. 
11; 

Fig. 13 is another plot of the type shown 
in Fig. 3 and 10; 

Fig. 14 is a schematic representation of 75 
different muzzle orientations; 

Fig. 15 is an array similar to Fig. 11 
but using the representation of Fig. 14; 

Fig. 16 is a table indicating the firing 
order for the grouping of launchers shown in 80 
Fig. 15; 

Fig. 17A and 17B are a table indicating 
the firing order of a group of launchers in a 
modified system according to our invention; 

Fig. 18 and 19 are further plots of the 85 
general type shown in Fig. 3 but relating to 
the system represented by Fig. 17; 

Fig. 20 and 21 are time diagrams relating 
to the operation of a system as represented by 
the table of Fig. 17; and " 90 

Fig. 22 indicates how Fig. 17A and 17B 
are interconnected. 

The system shown in Fig. 1 comprises a 
computer 1 controlling a tracking radar 2 
with aerial 3, in response to input signals fed 95 
in (eg. manually) via leads 103, 104, i.e. 
signals g, g respectively deterniining the 
azimuthal sweep and the speed of rotation of 
the aerial 3 about its vertical axis and the 
target range or distance d within which 100 
interception is to take place. Corresponding 
commands are transmitted from the com- 
puter, via lines 100, 101 and 102, to the 
radar 2 which, over a line 4 feeds back 
signals G, G' on the azimuthal position and 105 
speed of a target onto which the radar has 
locked, signals S, S' relating to the elevation 
of such target and its angular velocity in a 
vertical plane, and signals D, D' giving its 
distance and radial speed. The computer pro- 110 
cesses this information and relays it to a 
controller 50 which includes a position extra- 
polator 5, a range plotter 6 and an area pro- 
jector 7- Component 5 precalculates the 
future mean target position for the instant 115 
at which a projectile leaving the firing point 
reaches the target area. Component 6 deter- 
mines, from the position and movement of 
the target the time when the latter will be 
within firing range, i.e. the "window" avail- 120 
able for actuating the launchers in one, two 
or possibly more salvos, taking into account 
the probability of destruction of the target by 
a single shot; if this probability is sufficiently 
high, the computer may direct the radar to 125 
latch onto a different target even before the 
maximum possible number of salvos have 
been fired. Component 7 establishes, from 
the fluctuations of the apparent target posi- 
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tion and other factors (e.g. proximity to soil 
or water), the region of uncertainty within 
which the actual target position may deviate 
from its presumed position. 

5 The output of position extrapolator 5 
controls a tracking drive 8 for a gun 13 
pivotally mounted at 19 on a turret 12, drive 
8 including a motor for the rotation of the 
turret and a servomechanism for changing the 

10 inclination of the weapon relative to the hori- 
zontal. Range plotter 6 controls a trigger 
stage 9 which establishes the firing period for 
the launching tubes of the gun 13 and, dur- 
ing such period, actuates a firing stage 11 

15 operatively connected with these tubes. Area 
projector 7 operates a group selector 10 
which, by innibiting the firing of certain tubes 
under the control of stage 11, sets up a group- 
ing of active launchers corresponding to the 

20 region of uncertainty established by that pro- 
jector. An output 105 of group selector 10 
also goes to tracking drive 8 for a proper 
aiming of the active launchers; the azimuthal 
and elevational position of the gun 13 is 

25 reported back to drive 8 via a line 106. A 
conventional loader for the tubular launchers 
of gun 13 has been indicated at 14. 

Hg. 2 illustrates the construction of 
weapon 13 whose turret 12 is shown as a 

30 square base supporting a gun mount 18 on 
which a casing 17 is swingably mounted by 
the pivot joint 19; the loading mechanism 14 
of Fig. 1, omitted in this view, is so dimen- 
sioned and positioned that the center of 

35 gravity of the swingable gun body coincides 
with the pivotal axis. The aforementioned 
servomechanism for elevating the weapon is 
represented by a hydraulic jack 20. The 
weapon proper comprises an array of launch- 

40 ing tubes 16, clustered about a common axis 
0, which tubes could be either gun barrels or 
rocket launchers, in the latter instances, the 
projectiles fired from these tubes may carry 
explosive charges or other propellants to 

45 enhance their speed without altering the 
direction imparted to them by the slightly 
diverging muzzles of the launchers. 

In practice, the number of launching tubes 
16 may be on the order of 100, each tube 

50 having for example a length of 3 meters 
and a caliber of about 40 mm. In a specific 
embodiment more fully described below, their 
angular divergence may range between about 
1 and 1.5 milliradians in the vertical plane 

55 and may amount to about 2.5 milliradians in 
the horizontal plane. The overall cross-section 
of the array may measure 55x45 cm, the 
weight of the weapon in this case being 
approximately 700 kg. Naturally, the num- 

60 ber of tubes in the array could be consider- 
ably increased if the greater bulk and weight 
can be tolerated. 

As already noted above and pointed out in 
British Patent No. 1,164,107, the active tubes 

65 of this array are to be fired simultaneously or 



in so rapid succession that the position of the 
target changes only insignificantly between 
firing of the first and last shots of the 
salvo. 

In Fig. 3 we have indicated by crosses the 70 
theoretical points of intersection of the 
trajectories of 32 projectiles, fired from as 
many tubes 16 of gun 13, with a transverse 
plane centered on the main axis O of the 
array; this theoretical position disregards the 75 
possible straying of any projectile from the 
individual muzzle axis. Let us assume that 
the plane of Fig. 3, which contains the 
region of uncertainty centered on the axis O 
(with the gun trained upon the presumed 80 
target position), is located at a distance of 
2,000 meters from the site of the weapon and 
that the 32 launching tubes here considered 
have the aforementioned relative angular 
deviation of 2.5 milliradians in azimuth and 85 
1.5 milliradians in elevation. These values 
are based upon an assumed zone of des- 
truction of 3X5 meters, as represented by 
the small rectangles in Fig. 3, for each in- 
dividual projectile. At the postulated distance 90 
of 2,000 meters, the theoretical impact points 
of the several projectiles are spaced apart 3 
meters vertically and 5 meters horizontally so 
that their zones of destruction adjoin one 
another without intervening gaps. 95 

The 32 active launchers represented by 
the array of Fig. 3 are divided into four 
groups of eight launchers each, respectively 
trained upon the four quadrants of the region 
of Fig. 3 defined by the orthogonal axes x 100 
and y. The 32 elemental rectangles are 
arrayed in four columns A, B, Q, D and eight 
rows numbered from I to VIII. Axis x bears 
designations G~ and G + for negative and 
positive azimuth angles relative to the central 105 
axis O, axis y is similarly marked with S+ 
and S~ for positive and negative elevations 
with reference to that axis. Thus, the seg- 
ment in the upper left quadrant assigned to 
the first group of eight launchers, centered HO 
on an axis O x> has been designated G~S*; 
the second group covers the upper right seg- 
ment G + S + , centered on the axis 0 2 , whereas 
the third and fourth groups are aimed at 
segments GS~ and G + S~ centered on res- 115 
pective axes O a and 0 4 . The combination of 
the first two groups has a center 0 6 , that of 
the last two groups having a center O e ; 
similarly, O r and O n are the centers of the 
combinations of the first and third groups and 120 
of the second and fourth groups, respectively. 

The four segmental areas of Fig. 3, each 
encompassing eight zones of distribution, are 
assigned to corresponding eight-launcher 
groups of gun 13 which therefor must have a 125 
minimum of 32 tubes 16 in this instance. In 
practice, however, it will be desirable to 
assign each of these segmental areas to a 
plurality of launcher groups, e.g. to three 
such groups if 96 tubes 16 are available. This 130 
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has been schematically illustrated in Fig. 4 
where a total of 12 groups (three for each 
segmental area of Fig. 3) arc represented by 
respective blocks labelled Gl — G12; the 

5 arrows emanating from each block, bearing 
the designations G-, G+ and S", S + , identify 
the segmental area or quadrant upon which 
the launchers of each group are trained. 
Thus, area G~S + has been assigned to the 

10 first three groups Gl, G2 and G3, area 
G~S- is covered by the next three groups G4, 
G5 and G6, area G + S + belongs to groups 
G7, G8 and G9, and area G + S~ is the 
territory of groups G10, Gil and G12. 

15 If a combination of two or more segmental 
areas is to be taken under fire, one group 
each of a corresponding number of horizontal 
rows in Fig. 4 is selected; for successive 
salvos in the same direction, different 

20 groups of a row are chosen so that the 
weapon can fire without reloading. 

According to Fig. 5, for example, the area 
under fire is the one centered on axis O r , and 
consists of the two upper quadrants in Fig. 

25 3; launcher groups Gl and G7 are selected 
for the salvo. In Fig. 6 the area is centered 
on axis Oj and consists of the two left- 
hand quadrants in Fig. 3; the selected groups 
are Gl and G4. Fig. 7 represents the case 

30 when the entire region of Fig. 3 is to be 
bracketed; here the active launchers are in 
groups Gl, G4, G7 and G10. If successive 
salvos are to be fired upon the same region 3 
e.g. that shown in Fig. 6, parallel groups such 

35 as Gl, G2, G3 and G4, G5, G6 are succes- 
sively activated in pairs respectively as 
parenthetically indicated in that Figure. 

The firing of a single group of launchers, 
covering for example an area of 2x4 zones 

40 of destruction as shown in Fig. 3 — 7, may 
be sufficient if the target is relatively large 
and moves in free space so that the area of 
uncertainty is small. In such a case, therefore, 
only a small fraction of the available 

45 ammunition is spent so that the gun remains 
ready for a number of further solvos. 

Naturally, the launchers of a group could 
also be differently arrayed (e.g. 2X2 or 3X3) 
and their zones of destruction may be con- 

50 sidered square, rather than rectangular as 
indicated in Fig. 3. 

In Fig. 8 we have shown in greater detail 
the firing stage 11 of Fig. 1. This stage com- 
prises an input register 22 obtaining the 

55 requisite data from controller 50 via a 
channel 23 which includes the stages 9 and 10 
of Fig. 1. A comparator 24 receives both the 
data stored in input register 22 and the 
readings of a setting register 25 related to the 

60 state of operation of the gun as relayed to 
that register from a decoder 26 connected 
to the output of comparator 24. Register 25 
is stepped by clock pulses from a timer 28 
which successively identify the several 

65 launchers of the gun; since the launchers are 



to be fired in pairs, as discussed above and 
more fully described hereinafter, there will 
be 48 clock pulses in a timer cycle under the 
conditions assumed in connection with Fig. 
4. 70 

Decoder 26 works into a logic network 27 
which also receives the clock pulses of timer 
28 and whose output circuit, leading to the 
loader 14, includes as many individual power 
amplifiers 107 as there are launching tubes, 75 
i.e. 96 in the case specifically considered. 
Thus, the selective energization of an even 
number of output leads 108 of network 27, 
under the joint control of timer 28 and 
decoder 26, results in die firing of a salvo 80 
from one or more launcher groups as 
explained with reference to Kg. 3 — 7. 

In Fig. 9 we have shown a number of 
these output leads 108 together with firing 
pulses 109 appearing thereon for setting off 85 
a two-group salvo, involving the discharge of 
16 projectiles against an area as shown in 
Fig. 5 or Fig. 6. The clock cycle starts at 
a time t->, with the clock pulses (and there- 
fore also the firing pulses 109) following one 90 
another at uniform intervals r which may 
be on the order of 5 ms, for example. A 
delay period At, during which no clock pulses 
are generated, represents the time required 
by the firing stage 11 to process the informa- 95 
tion received from the computer. Hie salvo 
starts at a time t i =t <> +At and, with eight 
pairs of launchers to be successively actuated, 
terminates at time t,+7r. 

We shall now describe the manner in which 100 
the pairing of simultaneously fired launchers 
is arranged in a system according to our in- 
vention. 

Fig. 10 shows a segmental target area 
divided into four square subsegments of four 105 
zones each, the zones being arrayed in four 
columns a, b, c, d and four rows 1, 2, 3, 4 
centered on the axis O x of that segment (cf. 
Fig. 3) Thus, the upper left subsegraent 
encompasses zones al, a2> bl 3 b2\ the upper 110 
right subsegment consists of zones el, c2, dl, 
dl\ and so forth. 

Fig. 11 shows the 96 launchers trained 
upon these zones in four sets of six groups 
each, there being thus siz launchers for zone 115 
al, six launchers for zone o2, and so on. 
An array of launchers (or, more exactly, of 
their muzzles) is divided into eight rows I — 
VIII and columns A — L with all the 
launchers trained upon a single zone (e.g. al) 120 
occupying one half of a common row. The 
distribution of the tubes is such that the 
launchers assigned to any pair of vertically 
aligned zones within a subsegment (such as 
al, aZ or c3, c4) are disposed at diametric- 125 
ally opposite locations with reference to the 
center of the array, i.e. to the main axis O 
of the cluster of tubes 16 in Fig. 2. 

The firing sequence of these paired 
launchers is apparent from Fig. 12 which 130 
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shows the timing of successive firing pulses, 
numbered from 1 to 8, which occur at in- 
stances t|, tj + r, tj+2r, etc (with r=10 ms 
in this specific example); with 16 launchers 
5 participating in each salvo, up to six salvos 
can be fired in as many successive clock 
cycles. 

Fig. 12 shows the first shot of the first 
salvo to involve the launchers identified by 

10 coordinates A, I and L VIII in Fig. 11, i.e. 
the tubes at the upper left and the lower 
right corner of the array trained upon zones 
al and o2, respectively. The second shot is 
fired into zones #3 and a4 from array posi- 

15 tions G IV and F V. In the third shot, tubes 
in positions A II and L VII hit the zones 
61 and 62. In similar manner, the remaining 
ten zones of the segment of Fig. 10 are 
bombarded in the following five shots. The 

20 second salvo starts with array positions B I 
and K VIII, again firing into zones al and 
o2' y in all six salvos, the zones of the seg- 
ment are hit in the same sequence. 
Fig. 13 is similar to Fig. 10 but shows a 

25 rectangular segment of eight zones arranged 
in two columns a, b and four rows 1, 2, 3, 4. 
This segment is representative of any of the 
four quadrants of a region of uncertainty, 
generally similar to that of Fig. 3, with the 

30 quadrants again identified by their positive 
or negative azimuthal and elevational 
designations G\ G" S% S~. 

Fig. 14 shows the symbols adopted to 
distingush these four quadrants in the table of 

35 Fig. 15, i.e. a darkened ring sector at upper 
left (G"S + ), lower left (G"S-), upper right 
(G + S + ) and lower right (G + S~). 

In Fig. 15 the array of 96 tubes is again 
divided into eight rows I— VIII and 12 

40 columns A — I* 

Fig. 16 shows the firing order for these 
launchers in two successive salvos with a 
change in the configuration of the bombarded 
area. Thus, the first salvo covers the segments 

45 G"S + and G+S + (upper half on the overall 
area, see Fig. 5) whereas the second salvo is 
directed onto segments G~S + and G~S~, left- 
hand half (see Fig. 6> The first shot of the 
first salvo, involving array positions A I and 

50 L VIII, fires into zones al and al of the 
quadrant G~S + , the next shots covering the 
remaining six zones of that quadrant; the 
fifth shot is directed from positions A III 
and L VI into zones al and o2 of quadrant 

55 G + S+, the last shots hitting the remaining 
six zones of the latter quadrant. In the second 
salvo, the quadrant G~S + is again hit by the 
first four shots, in the same order as before; 
the last four shots of that salvo are fired 

60 into the eight zones of quadrant GrS". 

In Fig. 17 we have tabulated, for an 
array of 16 launching tubes diverging in one 
dimension (i.e, vertically) while rotating in 
the other dimension (horizontally), such 

65 operating parameters as their elevational angle 



a-, horizontal divergence, firing order and 
time /, sweep angle <p and azimuth angle 
<*=<P±&> the sign of the latter term depend- 
ing on the relative direction of the rotary 
sweep of the gun mount and the angular off- 70 
set of the muzzle axis in tie path of rota- 
tion. The launchers here considered are the . 
first 16 in the array of Fig. 11, i.e. those 
designated by rows I — IV and columns A — D. 

From section 17a of Fig. 17 it will be 75 
noted that the four groups of four launchers 
each, represented by columns A, B, C and 
D have the same vertical orientation, with 
r=4.5 milliradians for the tubes of row I, 
r=3 mrad for those of row II, ir=1.5 mrad 80 
for the tubes of row III and tt=0 for the 
ones in row IV. 

As shown in line 17b of Fig. 17, which 
relates to the case represented by sections 
17c — 17e thereof, the horizontal divergence 85 
3 of all the tubes from a reference position 
is zero. Upon the firing of the tubes in the 
order indicated in section 17r, at intervals r 
of 5 msec, their axes include progressively 
larger sweep angles <p with the reference 90 
direction. 

If we assume, as above, that the zone of 
destruction at 2000 m is 5 m wide, corres- 
ponding to an azimuthal arc of 2.5 mrad, 
the speed of rotation of the gun turret should 95 
be such that the array sweeps this arc during 
the time interval between firings of corres- 
ponding tubes of adjoining groups of four, 
i.e. of tubes having the same elevational angle 
sr. In this particular instance,: the array 100 
rotates through an angle <p of 0.625 mrad 
during each interval r=5 msec and, there- 
fore, through 9.375 mrad during the entire 
firing period of 75 msec. At the instance of 
launching, accordingly, the axes of successive 105 
muzzles deviate from the reference direction 
by a progressively increasing angle « rang- 
ing from zero through 9.375 mrad. This has 
been plotted in Fig. 19 which shows a shift- 
ing of the theoretical points of impact; along 110 
horizontal lines 1 — 4, onto oblique lines 
diverging from the vertical lines a — d in 
the direction of the sweep here assumed to 
be from left to right 

In order to eliminate this shift, a com- 115 
pensatory divergence 3 may be impacted to 
the launchers of each group as indicated in 
section 17a* of Fig. 17. It will be noted 
that this horizontal divergence is identical for 
corresponding tubes of each group, i.e. 3=0 120 
for the tubes of row I; 3=0.625 mrad for 
the tubes of row II; 3=1.25 mrad for the 
tubes of row III; and £=1.875 mrad for 
the ones of row IV. With the horizontal off- 
set of the tubes measured from left to right, 125 
and with a sweep of the turret from right to 
lift, the firing order indicated in section 17e 
produces identical azimuth angles 3 
for the tubes of each group, i.e. : 
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«=7.5 mrad for column A 
<*=5 mrad for column B, 
«=2.5 mrad for column Q and 
«=0 for column D. 

5 If the sweep is reversed, and if the firing 
order is altered as indicated in section 17/ 
of the Fig. 17, we obtain for 

<*=9+S the following values: 
«= 1.875 mrad for column A, 
10 <x=4375 mrad for column B, 

<v=6.875 mrad for column C, and 
<r=9.375 mrad for column D. 

In both instances, therefore, the slanting 
plot cf Fig. 19 is converted into an 

15 orthogonal plot as shown in Fig. 18. The two 
cases differ, however, by a relative shift of 
the vertical lines by an angle of 1.875 
mrad which, of course, can be compensated 
(if necessary) through a change in the timing 

20 of the first firing pulse. 

As indicated in section^ \7g, rearrange- 
ment of the divergence 5 enables the tubes of 
such a rotary array to be fired in balanced 
pairs, it being assumed for purposes of this 

25 description that the array is limited to the 16 
tubes of rows I — IV and columns A — D 
and that the axis of the array passes through 
the center of the rectangle thus defined. 
With the tubes in positions A I, A III, 

30 B I, B III, C II, C IV, D II and D IV 
parallel to the axis (3=0) and the remaining 
tubes diverging therefrom at angle £=1.25 
mrad, an observation of the firing order and 
timing indicated in section 17k at the pre- 

35 viously assumed rotary speed results in the 
following angles <x—<p—$ for the several pairs 
of simultaneously fired tubes: 

«=0 for A I/D IV and A II/D IH 
«=2.5 mrad for A III/D II and A IV/D I, 
40 «=5 mrad for B I/C IV and B II/C HI, and 
<t=7.5 mrad for B III/C II and B IV/C I. 

Upon reversal of the sweep and modification 
of the firing order, as indicated in section 
17r, we obtain the following azimuth angles 
45 «=?+«: 

«=1.25 mrad for A I/D IV and A II/D III, 
*=3.75 mrad for A III/D II and A IV/D I, 
«=6.25 mrad for B I/C IV and B II/C III, 
and 

50 «=8.75 mrad for B III/C II and B IV/C I. 

Again, therefore we realize an orthogonal plot 
as illustrated in Fig. 18, with a slight relative 
shifting of the vertical lines a — d for the two 
sweep directions. 

55 Naturally, the same azimuth angles can be 
established by firing at intervals of 5 msec 
(as in the case discussed with reference to 



table sections 17b — 17/) if the rotary speed 
is doubled. 

With the use of a larger array subdivided 60 
into several groupings of 16 tubes each, e.g. 
as illustrated in Fig. 11, the tubes of two 
or more of these 16-tube combinations may 
again be fired in successive salvos into the 
same target area; this merely requires a suit- 65 
able relative orientation of their muzzle axes 
as will be readily understood from the pre- 
ceding discussion. 

Furthermore, in the system represented by 
sections 17/* — 17r, the number of launching 70 
tubes in the contemplated array or grouping 
may be cut in half by firing each launcher 
twice in succession, during the same salvo, 
into different parts of the assigned segment 
of the target area, such as the two sets of 75 
vertical zones a and c or b and d. Such 
consecutive firing is possible if, for example, 
each launching tube is equipped with two 
(or more) externally mounted squibs which 
are successively ignited and which release 80 
the vapor of their exploding charges into 
the tube for successively propelling two (or 
more) projectiles positioned in tandem there- 
in. Thus, the function of the tubes of columns 
A and D could be taken over by the co- 85 
directionally oriented tubes of columns B 
and C, respectively, each tube firing twice at 
intervals of 40 msec or 20 msec with the 
higher rotary speed). 

The sweep rotation at angular velocity « 90 
may be periodically reversed with reloading 
of the previously discharged tubes during the 
return stroke. It should be understood that 
this reciprocating sweep is superimposed upon 
any azimuthal tracking motion to be 95 
executed by the turret. Thus, Fig. 20 shows 
the angular displacement (in terms of angle 
<p and time t) in the case of a target hav- 
ing only a radial motion; the rotation of the 
turret is then a linear function (R) represent- 100 
ing the firing sweep discussed in connection 
with Fig. 17. If, however, the target has a 
lateral speed component as indicated by a line 
(A) in Fig. 21, the necessary tracking speed 
must be algebraically added (with the 105 
proper sign) to the sweep motion. If the 
target motion is codirectional with the sweep, 
the resulting angular displacement of the 
turret is given by a line (B) representing 
the addition of the two speed vectors; if it 110 
is opposite^ as shown by a line (A') 
symmetrical to the former, the differential 
combination of the two vectors yields another 
line (BO- 

In the specific example given in Figs. 20 115 
and 21, the lateral component of the target 
speed is assumed to be 300 m/sec so that, at 
the distance d o =2000 m, its angular velocity 
in the plane of the sweep is 0.15 radian/ 
sec. During the firing period of 70 ms referred 120 
to in the discussion of sections 17 g — 17/ of 
Fig. 17, the azimutbal target displacement as 
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seen from the firing point is therefore 10.5 
mrad, compared with a sweep rotation (R) of 
±3.75 mrad centered on a reference plane 
(=0) through which the gun passes at the 

5 midpoint of the sweep if no tracking occurs. 
It is to be understood that the projectiles 
to be fired by the present system may include 
time-delay fuses, proximity fuses, impact 
detonators or the like and that, in its broader 

10 aspects, the invention is also applicable to a 
system for the nondestructive dispatch of a 
multiplicity of nonguided projectiles to a 
target area. 

WHAT WE CLAIM IS: — 

15 1. A tiring control system for non-guided 
projectiles comprising an array of tubular 
projectile launchers clustered about a main 
axis and having their muzzles diverging 
from one another and from said axis in at 

20 least one direction of azimuth or elevation, 
said array being divided into a plurality of 

groups— of— launchers,— tracking— means— for, 

ascertaining the general location of a target 
to be attacked, computing means responsive 

25 to said tracking means for ^recalculating a 
presumed target position, driving means con- 
trolled by said computing means and 
operatively coupled with said array for main- 
taining said axis trained upon said presumed 

30 target position, and triggering means operable 
by said computer means for actuating 
selected groups of launchers in said array so 
as to cover a predetermined region of 
uncertainty centered on said presumed target 

35 position, with the simultaneous or successive 
firing within a predetermined firing period 
of combinations of launchers within said 
groups which have their muzzles symmetric- 
ally distributed about said main axis for a 

40 balanced recoil effect and actuation of the 
remaining groups of launchers within 
successive firing periods, 

2. A system as defined in claim 1 wherein 
each group consists of an even number of 

45 launchers, said combinations being pairs of 
launchers with muzzles in diametrically 
opposite positions with reference to the main 
axis. 

3. A system as defined in claim 2 wherein 
50 said computing means includes a timer con- 
nected to said trigger means for successively 
actuating the launcher pairs of at least one 
group during said firing period 

4. A system as defined in claim 2 where- 
55 in the number of launcher pairs is the same 

for all groups. 

5. A system as defined in claim 1, where- 



in the launcher in each group have their 
muzzles diverging in one direction and 
parallel in another direction, a rotation of 60 
the array in said latter direction at a given 
rate providing for the required divergence in 
said other direction. 

6. A system as defined in claim 1 wherein 

the launchers of each group have their 65 
muzzles trained in directions diverging in 
both azimuth and elevation, said array being 
subdivided into several groups in each of 
which the muzzles of a plurality of said 
launchers are trained in the same general 70 
directions for successive firing into the same 
segment of said region of uncertainty under 
the control of said triggering means. 

7. A system as defined in claim 1, where- 
in further computer means include a range 75 
finder for establishing said firing period upon 

the arrival of a target within a distance at 
which projectiles to be fired from the 
launchers of each group would have zones 
of effectiveness overlapping one another 80 

.throughout the assigned segment of said 

region of uncertainty. 

8. A system as defined in claim 1 wherein 
the launchers of each group have their 
muzzles oriented at diverging angles of eleva- 85 
tion, further comprising further driving 
means for rotating said array in an azimuthal 
direction at a rate enabling each group to 
sweep its assigned segment of said region of 
uncertainty within said firing period. 90 

9. A firing control system for nonguided 
projectiles, comprising an array of tubular 
projectile launchers clustered about a main 
axis, tracking means for ascertaining the. 
general location of a target to be attacked, 95 
computing means responsive to said tracking 
means for precalculating a presumed target 
position, driving means controlled by said 
computing means and operatively coupled 
with said array for maintainnig said axis 100 
trained upon said presumed target position, 
said array being divided into a plurality of 
groups of launchers, the launchers of each 
group having muzzles diverging in a first 
dimension and trained upon different parts of 105 
an assigned segment of a predetermined 
region of uncertainty centered on said pre- 
sumed target position, and trigger means 
operable by said computing means for actuat- 
ing the launchers of a selected group within 110 
a predetermined firing period, and further 
driving means for rotating said array in a 
second dimension enabling each group to 
sweep its assigned segment of said region of 
uncertainty within said firing period. 115 

10. A system as defined in claim 9 where- 
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in said muzzles diverge within each group 

in said second dimension. BARON & WARREN, 

11. A firing control system substantially as 16, Kensington Square, 

herein described with reference to the accom- London, W.8. 

panying drawings. Chartered Patent Agents. 
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